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© Limb prosthesis production and material therefor. 

© A method of making a limb prosthesis for an 
amputee patient comprises rectifying the relevant 
limb stump (20) by the application thereto of at least 
one moulding (16,17.18) of viscoelastic material 
precast to a predetermined shape, taking an impres- 
sion (30) of the rectified stump, and using the im- 
pression to determine the shape of a stump-receiv- 
ing cup In the prosthesis. The impression is suitably 
taken by wrap casting around the rectified stump, 
and the cup shape determined by casting a replica 
(31.32) in the wrap cast as a mould, to allow forma- 
tion of the cup on the replica. Mouldings for this 
method are suitably provided as an assembly on a 
common support (10) having discrete depressed 
*3 zones (13.14.15) in which appropriate material is 
^cast for use in the production of a particular form of 
^prosthesis. An assembly for a leg prosthesis of 
patella borne form suitably comprises two disc moul- 




dings (17.18) to cover the tibial condylar protuberan- 
ces and a strip moulding to cover the front of the 
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LIMB PROSTHESIS PRODUCTION AND MATERIALS THEREFOR 



This invention has been conceived and devel- 
oped primarily in relation to a particular form of 
limb prosthesis and it is both convenient and ap- 
propriate to describe the invention in this particular 
context. However, it will be appreciated that the 
invention is equally applicable to other forms ol 
limb prostheses where similar circumstances pre- 
vail. 

The particular prosthesis in question is the so- 
called Patella Tendon Borne form which is widely 
used for below-the-knee amputee patients. The 
success of such a prosthesis rests heavily on the 
quality of the fit of a custom made stump cup in 
the prosthesis into which the limb stump is to be 
received. Clearly if the cup is too small the pros- 
thesis is unacceptable. Difficulty also arises if, in 
compensation to avoid undersizing. the cup is too 
big. This difficulty arises from the fact that it is 
normally intended for the patient's body weight in 
the relevant limb to be taken on the patella tendon 
and the calf but, if the cup is oversized, the stump 
can sink into the cup to subject the end of the 
bone to load. This is very painful, as are pressures 
on the front of the tibia and on the protuberances 
at the sides of the condyles, and also on areas of 
tissue overlying major nerves, particularly where 
those nerves have been severed during surgery. 

The usual mode of production with a view to 
obtaining a good Tit for the cup is referred to as the 
wrap cast technique because it entails first taking 
an accurate impression of the stump by wrapping a 
plaster bandage therearound to form a cast. During 
this wrapping, and while the plaster is setting, the 
soft tissue of the stump is manipulated by the 
prosthetist into an acceptable disposition for the 
purposes of subsequent use of the prosthesis, and 
this operation is most important in determining the 
final anatomical shape of the cup. After the cast is 
set, it is used as a mould in which a replica of the 
manipulated stump is cast. The cup is then made 
up on this replica, but only after the replica has 
been rectified in order that the cup is enlarged 
relative to the original replica in appropriate areas 
whereby the bone end and other sensitive parts of 
the stump will not be subjected to undesirable 
pressure. 

The disadvantage of this technique arises Irom 
the fact that the rectification is a lengthy process, 
typically of about three hours duration, and it is 
often effected remotely of the patient at a factory 
rather than by the prosthetist at the hospital or limb 
fitting centre. 



In an alternative mode of production referred to 
as the pressure casting technique, the prosthetist 
can both take castings and rectify in the same 
procedure. In this case clay is built up on the 

s stump in the areas to be relieved from pressure in 
the cup. and then a complex pressure jacket is 
applied to the limb and an impression of the stump 
taken. This technique is time consuming, com- 
plicated, user-sensitive, and not in common usage. 

io An object of the present invention is to amelio- 

rate the difficulties of this situation. 

In one aspect of the invention there is provided 
a method of making a limb prosthesis for an am- 
putee patient which comprises rectifying the limb 

is stump by the application thereto of at least one 
moulding of viscoelastic material precast to a pre- 
determined shape and then taking an impression of 
the rectified stump, which impression determines 
the shape of a stump-receiving cup in said pros- 

20 thesis. 

This aspect of the invention rests on the appre- 
ciation that the application of clay in use of the 
pressure casting technique follows long established 
rectification principles whereby substantially stan- 

25 dard shapes are built up. In the present case the 
applied material is precast in such a shape rather 
than built up and it can be selected from a range of 
sizes for a given shape and/or from a- range of 
different shapes to suit different circumstances. 

30 In another aspect the invention provides an 

assembly of separate mouldings of viscoelastic 
material individually precast to a respective pre- 
determined shape for use in the method of the 
invention. 

as The material of the invention is to be substan- 

tially stable in use, at least to the extent that it does 
not How from its appointed position during manipu- 
lation by the prosthetist. Also the material should 
be sufficiently flexible to allow underlying tissue to 
40 be manipulated during wrap casting. Preferably in 
addition the material should adhere well to skin, 
without causing irritation, or to a suitable protective 
film material wrapped around the stump, and such 
adhesion should not break down during wrap cast- 
as ing. At the same time the material should prefer- 
ably not adhere to. nor inhibit the setting of. plaster 
bandage or other material used in forming a recti- 
fied cast, although difficulty in this respect may be 
obviated by using an outer protective layer of a 
so suitable film material. 
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These properties can be met by a variety of 
materials such as plasticised polyvinylchloride. 
butyl rubber, natural rubber latex foam and silicone 
rubber. Any rubber in fact can be used, as can 
synthetic polymer hydrogels providing that plaster 
accelerators are also used to prevent setting inhibi- 
tion. 

It has been preferred in development of the 
invention to date to employ a gel which fulfils all of 
the above requirements while being additionally 
advantageous in terms of economy of cost and 
ease of fabrication. 

This last material is made by adding a mixture 
of plasticiser. dibutyl phthalate. and ethanol to 
beads of poly(ethylmethacrylate). The result is a 
liquid which is mobile for about 5 minutes 
whereafter gelation becomes apparent and is com- 
plete in about 20 minutes. The rate of gelation is 
controllable by way of the alcohol/plasticiser ratio 
and the molecular weight of the polymer, and the 
stiffness of the final product material is controllable 
by way of the polymer/liquid ratio. 

In one specific suitable example PEM of mo- 
lecular weight 40.000 was used as beads of diam- 
eter less than 150um. The related liquid comprised 
15% ethanol and 85% phthalate. and the polymer/ 
liquid ratio was 100 ml to 100 g. 

Many different plasticisers can be used, as can 
other methacrylates and related polymers such as 
acrylates. However, among the methacrylates the 
methyl form is not suitable. 

In production of the proposed assemblies from 
such material it is preferred that the final mixture 
be poured, before gelation, into moulds in the form 
of suitably shaped depressions representing the 
desired range and formed in spaced but compact 
distribution in a tray of polythene or other readily 
formable material from which the mouldings can be 
peeled for use. The tray is suitably of a stackable 
form whereby a number thereof can be packaged 
for storage and/or distribution without the precast 
shapes being subjected to prolonged force which 
may cause distortion. 

Further clarification of the invention can be 
gained by consideration of examples of the asso- 
ciated assembly and method described with refer- 
ence to the accompanying drawings, in which:- 

Figures 1, 2 and 3 illustrate, respectively in 
plan view and related cross-sectional views taken 
at II— tl and Ill-Ill. an assembly for use in the produc- 
tion of a patella tendon borne prosthesis, and 

Figures 4-9 which schematically illustrate 
use of the illustrated assembly. 

The assembly of Figures .1-3 comprises a tray 
10 of suitable material and composed of a rectan- 
gular platform 11 having a downwardly turned rim 
12 around its periphery. The platform is formed 
with three dished zones 13-15 in which viscoelastic 



material of the above-mentioned gel kind is cast up 
to the top surface level of the platform, the resul- 
tant mouldings being denoted respectively 16-18. 
The overall depth of the dished zones is no more 
s than half that of the tray rim. and the rim is out- 
wardly stepped at or just below the depth of the 
zones so that the assembly is stackable with others 
of like form and with a clearance between the 
zones, from one tray to the next. 
10 The zones 13-15 involve two different shapes. 

Zone 13 conforms to a first one of these shapes, 
which shape is seen in plan as that of a strip 
having one end portion transversely extended 
along one side, with the extension preferably being 
js of generally progressively increasing width towards 
the adjacent strip end. The other shape for zones 
14 and 15 is that of an oval disc as seen in plan. 
Each shape has a cross-sectional shaping which is 
decreasingly tapered towards its periphery to give 
20 a flared form. 

Insofar as the mouldings are to be applied to 
prescribed different areas of the same limb and the 
proportions of a given limb are generally uniform 
from one person to another, the mould shapes can 
25 have prescribed proportions. The disc shape has 
length and width in a ratio of about 2:1. while the 
strip shape has an overall length about 4 times that 
of the disc, but a similar width to the disc for both 
the main body of the strip and the extension, and a 
so similar length to the disc for the extension. The 
mould shapes are all of similar overall thickness of 
lesser order than the smallest of the above dimen- 
sions, with the thickness being in a ratio of about 
1:7. say. with the disc width. For use in relation to a 
as leg of an adult the disc mould shape has overall 
dimensions of about 40x20x3 mm and a range of 
reduced dimensions can be produced for use in 
relation to children. 

It is to be noted that the strip shape is asym- 
40 metric and as illustrated is intended for use in 
relation to a right leg. Application to a left leg will 
involve a mirror image shaping. 

Also it will be noted that the mould shapes and 
their proportions are well suited to disposition in a 
45 compacted array with the discs effectively nested 
within the 'angle' of the strip, as shown, and this is 
advantageous in terms of economy in production of 
the tray. 

As a last comment on the assembly per se. it 
so is preferably covered, after the cast material is 
cured, with a protective plastics film or other suit- 
able material which is readily peeled off or re- 
moved immediately prior to use of the moulds. 

Turning to use of the moulds in the fitting 
55 procedure for the production of a prosthesis. Figure 
4 shows a subject amputated right leg stump 20 
and indicates in broken outline the lower end of the 
femur 21. the patella 22. and the shortened tibia 
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23. As a first step in the fitting procedure the width 
of the stump is measured with a suitable instru- 
ment at the level of the tibial condyles, the relevant 
width being indicated by the opposed horizontal 
arrows in Figure 4. 

After this measurement, the stump is closely 
covered with a thin layer 24 of an appropriate 
plastics material such as self-adhesive polyester 
film to extend to above the knee where it is held by 
an elastic band 25. as shown in Figure 5. The 
mouldings 16-18 are then located in position, again 
as shown in Figure 5. on the covered stump where 
they are retained by natural adhesion. The discs 
are respectively located over the sides of the tibial 
condyles, with the disc lengths extending fore-and- 
aft. The strip moulding is located along the front of 
the stump over the tibia with the extended strip end 
lowermost and the extension directed inwardly of 
the stump. The upper end of the strip is to termi- 
nate just below the patella but this may require the 
strip to be cut to length at such end because the 
strip moulding length suitably allows for the maxi- 
mum likely stump length following surgery. 

After application of the mouldings a preformed 
cushioning cap 26 is placed over the lower end of 
the covered stump as shown in Figure 5. a wet thin 
sock 27 of knitted or similar form is located over 
the covered stump, mouldings and cap. and the 
sock is marked with an indelible pencil to indicate 
the position and extent of the patella such as by a 
circle 28, the sock and its marking being indicated 
in Figure 6. 

Following this preparation of the stump, which 
includes rectification by way of the mouldings, the 
prepared stump is wrap cast with a plaster ban- 
dage 29 as indicated in Figure 6. The stump is 
held slightly bent at the knee during this operation 
and the prosthetist manipulates the tissue as during 
the conventional wrap casting technique. 

When this casting and its curing is completed, 
the wrapped cast 30 is removed by withdrawal 
from the stump with the knee further bent as in- 
dicated by Figure 7. and the cap 26 removed. This 
cast is then itself used as a mould into which fresh 
plaster is poured. After curing of the second cast, 
the first cast is separated by cutting into the same 
to the depth of the sock where the casts are readily 
separated. The second cast 31 is exposed with a 
coarse surface finish and carries with it an ade- 
quate amount of the sock marking 28 to indicate 
the relative position of the patella as shown in 
Figure 8. This second cast is finished by removing, 
as appropriate, plaster to enhance the depressed 
shaping immediately below the patella and also 
behind the knee where the calf flares inwardly; the 
surface is smoothed overall; and it is checked in 
respect of its condylar width as shown by arrows 



again. The resultant replica 32 of the rectified 
stump is thereafter used in a conventional manner 
in the production of the cup in an artificial limb for 
the stump. 

s While the invention has been described with 

more specific reference to the drawings, this is by 
way of example and variation of the invention is 
possible within the scope of the appended claims. 
For example, application of the invention in relation 

10 to other forms of prosthesis than the patella tendon 
borne form, and also to limbs other than the leg. is 
possible as noted earlier. In addition to a set of 
mouldings of effectively standard shaping which 
will inevitably be applied in relation to a given 

is prosthesis, one or more mouldings, suitably of rela- 
tively small disc and/or other shape, can be in- 
cluded in the assembly for location over sensitive 
areas of the stump detected during palpation by 
the prosthetist and individual to a particular patient. 

20 Also as noted earlier various materials are suitable 
for the precast moldings. The stump covering can 
be of various materials compatible with the skin 
and mouldings and it can be presented in the form 
of a bag or a protective film sheet such as of the 

25 widely available pvc self-adhesive type. The sock 
facilitates demarcation and separation of the two 
casts and is suitably of knitted synthetic fibre ma- 
terial. The cap is a conventional item of commer- 
cially available form, typically of coarse skeleton 

30 polyester foam material. Lastly, plaster is clearly an 
appropriate material for the casts for reason of its 
well-established suitability for such purposes, but 
alternatives can be used if desired. 

35 

Claims 

1 . A method of making a limb prosthesis for an 
amputee patient which comprises rectifying the rel- 

40 evant amputated limb stump by the application 
thereto of at least one moulding of viscoelastic 
material precast to a predetermined shape, taking 
an impression of the rectified stump, and using the 
impression to determine the shape of a stump- 

45 receiving cup in said prosthesis. 

2. A method according to Claim 1 wherein, 
before rectification, said stump is closely covered 
with a thin layer of protective material readily re- 
moved therefrom, and each said moulding is ad- 

so hered to said layer. 

3. A method according to Claim 1 or 2 wherein 
said impression is taken by wrapping-casting ma- 
terial in bandage form around said rectified stump 
and thereafter removing the resultant wrapped cast 

55 when set. 

4. A method according to Claim 3 wherein said 
socket shape is determined from said impression 
by pouring further casting" material into said 
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wrapped cast to form a replica of said rectified 
stump, removing said cast to expose said replica 
when set. and forming said socket on said replica. 

5. A method according to Claim 4 wherein said 
bandage form and further casting materials each 
comprise plaster, and said rectified stump is cov- 
ered with a sock of material which becomes bon- 
ded and removable with said wrapped cast subse- 
quently to demark the same from said replica. 

6. A method according to Claim 5 wherein a 
positional reference marking for said stump is ap- 
plied to said sock which marking is incorporated 
into said wrapped cast and thereafter conveyed, at 
least in part, to said replica. 

7. A method according to any preceding claim 
for making a leg prosthesis of patella borne form 
for a below-the-knee amputee patient, wherein said 
rectifying comprises applying one said moulding of 
disc shape over one side of the condylar prot- 
uberances, applying a similar moulding over the 
other side of said protuberances, and applying a 
further said moulding of strip shape longitudinally 
over the front of the tibia. 

8. A method according to Claim 7 wherein, at 
the same time as said rectifying and before ap- 
plication of said sock, a cap of cushioning material 
is located over the free end of said stump. 

9. For use in accordance with the method 
according to any preceding claim, an assembly of 
separate mouldings of viscoelastic material individ- 
ually precast to a respective predetermined shape. 

10. An assembly according to Claim 9 wherein 
said mouldings are releasably formed in respective 
dished zones of a common support. 

11. An assembly according to Claim- 10 
wherein said support is stackable with other as- 
semblies of like form. 

12. An assembly according to Claim 9.10 or 11 
for use in a method according to Claim 7 or 8. 
comprising three said mouldings including two of 
like oval disc shape in plan, and another of strip 
shape in plan having one end portion transversely 
extended along one side, each such shape being 
of decreasingly tapered flared form towards its 
periphery in cross-section. 

13. An assembly according to Claim 12 
wherein said transverse extension is of generally 

■ progressively increasing width towards the free end 
of said one end portion. 

14. An assembly according to Claim 12 or 13 
wherein said disc shape has its overall length and 
width in a ratio of about 2:1; said strip shape has 
an overall length about 4 times that of said disc, 
but an overall width for each of the main body of 
said strip and said extension similar to that for said 
disc, and a similar overall length for said extension 



to said disc: and each said shape has an overall 
thickness in a ratio of about 1:7 with said disc 
width. 

15. An assembly according to Claim 14 
s wherein said disc shape has overall dimensions of 

about 40x20x3 mm. 

16. An assembly according to any one of 
Claims 12-15 wherein said three mouldings are 
mutually disposed in a nested array with said disc 

to shapes located alongside successive portions of 
the main body of said strip shape in the angle 
formed between such body and the associated 
extension. 
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